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Abstract 
Adjuvant endocrine therapy (AET) is known to reduce the risk of hormone receptor-positive (HR+) breast cancer (BC) recurrence 
and mortality rates, but its impact on cardiovascular disease (CVD) events is unclear. The primary objective of this study was to 
analyze the association of HR status with CVD mortality in patients with stage I to III BC. A retrospective study of patients with 
stage I to III BC was conducted using the 2004 to 2016 Surveillance, Epidemiology, and End Results (SEER) database, and 
patients were grouped according to their HR status. Propensity score matching (PSM) was used to adjust for heterogeneity 
between the groups. The cumulative incidence rate of CVD mortality was evaluated via a cumulative incidence curve. Univariate 
and multivariate Fine and Gray’s competing risk regression models were used to identify risk factors associated with CVD mortality. 
In total, 399,209 patients with BC were included in this study, and 329,958 patients (82.65%) were HR-positive. The cumulative 
incidence of CVD death was 8.28% in stage I to III BC patients. In the constituent ratio analysis, primary BC was the leading 
cause of death (45.29%, N = 31,465), followed by heart disease (16.07%, N = 11,166). Compared to the second year following 
BC diagnosis, the risk of CVD-specific death gradually increased. After PSM, 65,952 pairs of patients were matched, which led 
to the equilibrium of all variables between the HR-negative cohort and HR+ cohort. Multivariate analysis indicated that HR status 
was not significantly associated with the risk of CVD mortality, with a hazard ratio of 1.01 (P = .895). This study highlights the 
importance of understanding the associations between risk factors and CVD for BC patients. HR status was not associated with 
the risk of CVD mortality in this study.

Abbreviations: AET = adjuvant endocrine therapy, AIs = aromatase inhibitors, BC = breast cancer, CVD = cardiovascular 
disease, ER = estrogen receptor, HR− = HR-negative, HR+ = hormone receptor-positive, PR = progesterone receptor, PSM = 
propensity score matching, SEER = surveillance, epidemiology, and end results, SMD = standardized mean difference.

Keywords: breast cancer, cardiovascular disease mortality, hormone receptor status, SEER database

1. Introduction

Cardiovascular disease (CVD) and malignant tumors are the 
leading causes of mortality worldwide.[1] Among 28 cancer 
types, 38% of the cancer patients die of malignant neoplasms, 
and 11% die of CVD.[2,3] Advances in cancer therapies have led 
to an increasing number of survivors, and these patients now 
live long enough to encounter other entities, especially CVD, 
which will terminate life expectancy.[2–4]

Of the almost 17 million cancer survivors in the US in 2019, 
over 3.8 million are breast cancer (BC) survivors.[5] With recent 
advancements in BC detection and treatment, the population 
of BC survivors is continuously growing.[2,6,7] Although the 

population of BC survivors is substantial, the importance of 
cardiology care for this patient population is underestimated. 
BC survivors are at high risk of CVD due to shared cardiometa-
bolic risk factors (including obesity, diabetes, hypertension, and 
dyslipidemia), and the risk is exacerbated by BC treatment.[2,8–10] 
The success of BC treatment is increasingly tempered by car-
diotoxicity due to several therapeutic approaches, including 
cytotoxic chemotherapy (anthracyclines), novel molecular tar-
geted therapies, radiation therapy and possible cardiometabolic 
toxicity of endocrine therapy.[11–14] Therefore, cardiology care of 
BC survivors has become particularly important. For BC survi-
vors, the most efficient strategy for the primary prevention and 
management of CVD is likely achieved through identifying and 
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characterizing risk factors associated with CVD. Understanding 
any associations between risk factors and CVD is critical to 
inform the prevention and management of CVD events in BC 
patients.

Patients with hormone receptor-positive (HR+) BC com-
monly receive adjuvant endocrine therapy (AET), such as 
tamoxifen and aromatase inhibitors (AIs), to reduce the risk 
of postoperative recurrence.[15] These drugs can instigate 
cardiovascular events, including venous thromboembolism, 
myocardial infarction, ischemic heart disease and arrhyth-
mia.[14,16–18] However, studies comparing BC patients treated 
with tamoxifen or AI to those who are HR-negative (HR−) 
regarding the risk of CVD have shown contradictory results. 
Previous studies have even suggested a possible cardioprotec-
tive effect of tamoxifen.[14,16,19] However, an increased risk of 
stroke and venous thromboembolism caused by tamoxifen has 
also been found.[18,20,21] In a more recent meta-analysis includ-
ing 26 studies, tamoxifen treatment was not associated with 
an increased risk of stroke.[17] Although some studies have 
claimed significant CVD risk effects related to AI exposure, the 
outcomes have been divergent and even contradictory across 
studies.[16,17,19,21–23]

The Surveillance, Epidemiology, and End Results (SEER) 
database has one of the largest cohorts of BC patients with 
long-term follow-up and detailed CVD-specific mortality. AET 
is recommended for all patients with HR + BC.[15] Currently, 
there are no long-term follow-ups or large datasets available 
with the association of HR status with CVD-specific mortality 
in patients with stage I to III BC.

To understand CVD mortality in the general population of 
BC patients and to derive more knowledge regarding the associ-
ation of HR status with CVD mortality in the real-world setting, 
we conducted this retrospective study, including patients strati-
fied by HR status, using the SEER database.

2. Patients and methods

2.1. Data sources

This retrospective study was approved by the Institutional 
Ethics Committee of the People’s Hospital of Ganzhou. The 
SEER database (SEER 18 Registries research plus Data, Nov 
2020 Sub) was accessed using the SEER program (www.seer.
cancer.gov), which represents approximately 28% of the United 
States population. Data were extracted using SEER*Stat soft-
ware (version 8.3.9).

2.2. Study population and definitions

We downloaded the data of BC patients registered from 2004 
through 2016. The major inclusion criteria are listed as follows: 
female patients older than 18 years of age; pathological diagno-
sis of primary BC (pathological types were selected as infiltrat-
ing ductal cancer [codes: 8500 and 8521], lobular carcinoma 
[codes: 8520], infiltrating duct and lobular carcinoma [codes: 
8522], and other BC); diagnosis of stage I/II/III BC according 
to the AJCC staging system sixth edition; 1 primary malignant 
tumor only (C50.x [Breast codes range were C50.0–C50.6, 
C50.8–C50.9]); and previous primary surgery performed 
(SEER surgery codes range were 20–24 [Breast conserving sur-
gery], 30/40–49/75/80 [Mastectomy], and 50–59/60–69/70–74 
[Radical mastectomy]). Key exclusion criteria were insufficient 
information required by this study and death within 1 month 
after BC diagnosis. According to estrogen receptor (ER) and 
progesterone receptor (PR) status, patients were divided into 
HR− (ER−/PR−) and HR+ (ER+/PR+, ER+/PR−, or ER−/PR+) 
cohorts.

The following variables were extracted from the SEER 
database: age at diagnosis, race, laterality, pathological type, 

pathologic grade, surgical procedure, stage, T stage, N stage, 
tumor size, radiotherapy, chemotherapy, ER status, PR status, 
months of survival, vital status and cause of death.

Follow-up duration was defined as the time from the date 
of BC diagnosis to the date of last follow-up, death or the end 
of follow-up (December 31, 2018). CVD-specific death was 
defined as death from CVD, including heart diseases; hyperten-
sion without heart disease; cerebrovascular diseases; atheroscle-
rosis; aortic aneurysm/dissection; or other diseases of arteries, 
arterioles, and capillaries.[2]

2.3. Statistical analysis

Data are presented as the numbers (%) or medians (range) 
as appropriate. Propensity score matching (PSM) was per-
formed at 1:1 with a caliper value of 0.001 to match HR− and 
HR+ cohorts. A standardized mean difference (SMD) of less 
than 0.1 represents a negligible difference in covariates between 
groups before and after matching.[24,25] The cumulative incidence 
rate of CVD mortality was evaluated via a cumulative incidence 
curve. Univariate and multivariate Fine and Gray’s competing 
risk regression models were used to identify risk factors asso-
ciated with CVD mortality.[26] Variables with P ≤ .10 in univar-
iate analysis were selected for multivariate analysis. Differences 
were considered statistically significant at p values < 0.05. Data 
were analyzed using R (www.R-project.org) and Empower Stats 
software (https://www.empowerstats.net/cn/).

3. Results

3.1. Patient characteristics

A total of 399,209 patients entered the study. The flow chart of 
the selection of this study and the reasons for exclusion are pre-
sented in Figure 1. Among them, 329,958 patients (82.65%) were 
HR-positive. The proportions of patients stratified by HR status 
differed by age, race, histologic type, grade, surgical procedure, che-
motherapy, stage, T stage, N stage and tumor size (Table 1). No sig-
nificant differences were found in laterality, radiation or follow-up 
time between groups. After PSM, 65,952 pairs of patients were 
matched, which led to the equilibrium of all variables between the 
HR-negative cohort and HR + cohort, as shown in Table 1.

3.2. CVD-related death in stage I to III BC before PSM

The cumulative incidence curve resulting from all causes of 
death in the study population is shown in Figure  2A. Other 
noncancer and non-CVD causes were the leading causes of 
death, with cumulative rates of 12.26%, closely followed by 
BC (12.21%). The cumulative incidence of CVD-related death 
(8.28%) was lower than that arising from BC or other reasons. 
The cumulative mortality resulting from CVD for women ≥ 60 
years old, with a follow-up time greater than 6 years and with 
stage I BC, was higher than that associated with BC (Fig. 2B–D). 
The cumulative incidence curve for all causes of death in select 
population groups is shown in Supplemental Digital Content 
(Fig. S1, http://links.lww.com/MD/H971). Cancer was still the 
leading cause of death for women < 60 years of age, follow-up 
time within 6 years and with stage II/III BC (Supplemental 
Digital Content Fig. S1, http://links.lww.com/MD/H971).

A total of 69,473 patients (17.40%) died from primary stage 
I to III BC, CVD, or other causes in the period of 2004 to 2016. 
Among all of these cancer survivors (329,736 cases), 217,422 
(65.94%) survived more than 5 years beyond their cancer diag-
nosis, and 87,149 (26.43%) survivors were considered 10-year 
survivors. A total of 15,391 patients (3.86%) died of CVDs. 
Among them, 2284 (3.30%) and 13,107 (3.97%) patients suc-
cumbed to CVD in the HR− and HR + groups, respectively. 
In the constituent ratio analysis, Figure 3 summarizes the top 

www.seer.cancer.gov
www.seer.cancer.gov
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ten causes of death in stage I to III BC patients. BC was the 
leading cause of death for our cohort before PSM (45.29%, 
N = 31,465), followed by heart disease (16.07%, N = 11,166). 
Notably, the plurality (92.12%) of all CVD-related mortality 
in stage I to III BC was caused by heart diseases (72.55%) and 
cerebrovascular diseases (19.57%).

We analyzed the constituent ratio of cancer-related mortality 
and CVD-related mortality and observed its alterations after 
the cancer diagnosis, including trends of increased CVD-related 
mortality and decreased cancer-related mortality over time 
(Fig. 4). Compared to the second year following BC diagnosis, 
the risk of CVD-specific death gradually increased (Fig. 4).

3.3. Risk factors for CVD-related death in stage I to III BC 
after PSM

To reduce the risk of bias, PSM was performed with a 1:1 
matching protocol to balance important patient characteristics 
between HR-negative and HR-positive cohorts. Univariate anal-
ysis revealed that CVD-related death was significantly associ-
ated with age, race, laterality, histologic type, grade, radiation, 
chemotherapy, stage, N stage, and HR status (Table 2). The mul-
tivariate competing risk regression model revealed that age, race, 
laterality, histologic type, grade, radiation, chemotherapy, stage, 
and N stage were independent risk factors for CVD-specific 

Figure 1. Flow chart of the screened patients. AJCC = American joint committee on cancer, ER = estrogen receptor, HR+/− = hormone receptor-positive/
negative, LN = lymph nodes, PR = progesterone receptor, SEER = surveillance, epidemiology, and end results.
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mortality (Table 2). We analyzed the impact of HR status on 
CVD-related death, and the multivariate analyses showed no 
significant association between HR status and the risk of CVD-
related death (HR = 1.01, 95% CI 0.93–1.08, P = .895). The 
results of univariate and multivariate analyses for risk factors 
for CVD-specific death in patients with BC before PSM are 
shown in Supplemental Digital Content (Table S1, http://links.
lww.com/MD/H972). This result was consistent with our pre-
vious multivariate analysis, and HR status was not associated 
with the risk of CVD-related death (multivariate HR = 0.95, 
95% CI 0.89–1.01, P = .079).

4. Discussion
BC, a hormone-dependent tumor, generally includes 4 molecu-
lar subtypes based on ER, PR and Her-2 status.[27] In addition 

to operation and chemotherapy, endocrine therapy, includ-
ing tamoxifen and AI, is one of the standard treatments for 
HR + BC.[15,21] AET is well established to reduce the risk of 
HR-positive BC recurrence and mortality rates[28–31] and is rec-
ommended for 5 to 10 years following primary treatment as part 
of standard care.[32,33] Knowledge of any associations between 
risk factors and CVD is an important prerequisite for prevent-
ing and managing CVD events in BC patients. However, given 
the reported contradictory results, the association of AET with 
CVD in patients with BC remains unclear.[14,16,17,19,21–23] In this 
retrospective study, our results indicated that CVD-specific mor-
tality (cumulative incidence 8.28%) remains a challenge in BC 
survivors, especially in postoperative patients. The cumulative 
mortality resulting from CVD in select population groups was 
higher than that associated with BC. Moreover, in the constitu-
ent ratio analysis, BC was the leading cause of death (45.29%, 

Table 1

The baseline clinical characteristics of enrolled patients with stage I/II/III breast cancer before and after PSM

Clinical parameters 

Before PSM After PSM

HR− cohort (N = 69,251) HR + cohort (N = 329,958) SMD* HR− cohort (N = 65,952) HR+ cohort (N = 65,952) SMD 

Age, yrs (range) 56 (18–100) 60 (18–100) 0.230 56 (18–100) 56 (18–100) 0.005
Race 0.260 0.034
  Black 50846 (73.42%) 268775 (81.46%) 49410 (74.92%) 49164 (74.55%)
  White 12274 (17.72%) 29533 (8.95%) 10500 (15.92%) 10126 (15.35%)
  Others 6131 (8.85%) 31650 (9.59%) 6042 (9.16%) 6662 (10.10%)
Laterality 0.023 0.014
  Left 35804 (51.70%) 166843 (50.56%) 34001 (51.55%) 34449 (52.23%)
  Right 33447 (48.30%) 163115 (49.44%) 31951 (48.45%) 31503 (47.77%)
Histologic type 0.498 0.028
  Infiltrating ductal cancer 60229 (86.97%) 244140 (73.99%) 57863 (87.74%) 57644 (87.40%)
  Infiltrating lobular cancer 678 (0.98%) 31150 (9.44%) 678 (1.03%) 825 (1.25%)
  Mixed ductal and lobular 1070 (1.55%) 23810 (7.22%) 1070 (1.62%) 1222 (1.85%)
  Other types 7274 (10.50%) 30858 (9.35%) 6341 (9.61%) 6261 (9.49%)
Grade 1.372 0.017
  Well differentiated 1438 (2.08%) 88245 (26.74%) 1438 (2.18%) 1322 (2.00%)
  Moderately differentiated 12601 (18.20%) 160376 (48.60%) 12601 (19.11%) 12376 (18.77%)
  Poorly differentiated 54191 (78.25%) 80149 (24.29%) 51034 (77.38%) 51425 (77.97%)
  Undifferentiated; anaplastic 1021 (1.47%) 1188 (0.36%) 879 (1.33%) 829 (1.26%)
Surgical procedure 0.236 0.024
  BCS 34593 (49.95%) 197576 (59.88%) 33367 (50.59%) 32564 (49.38%)
  Mastectomy 16056 (23.19%) 73585 (22.30%) 15292 (23.19%) 15673 (23.76%)
  Radical mastectomy 18602 (26.86%) 58797 (17.82%) 17293 (26.22%) 17715 (26.86%)
Radiation 0.086 0.022
  No 32604 (47.08%) 141276 (42.82%) 30459 (46.18%) 31188 (47.29%)
  Yes 36647 (52.92%) 188682 (57.18%) 35493 (53.82%) 34764 (52.71%)
Chemotherapy 0.788 0.009
  No 18080 (26.11%) 206277 (62.52%) 18065 (27.39%) 17804 (27.00%)
  Yes 51171 (73.89%) 123681 (37.48%) 47887 (72.61%) 48148 (73.00%)
Stage 0.358 0.021
  I 24481 (35.35%) 173192 (52.49%) 23537 (35.69%) 22947 (34.79%)
  II 32475 (46.89%) 120491 (36.52%) 30710 (46.56%) 30923 (46.89%)
  III 12295 (17.75%) 36275 (10.99%) 11705 (17.75%) 12082 (18.32%)
T stage 0.403 0.006
  T1 31281 (45.17%) 212483 (64.40%) 30295 (45.93%) 30122 (45.67%)
  T2 29323 (42.34%) 95755 (29.02%) 27868 (42.25%) 27982 (42.43%)
  T3 5613 (8.11%) 15881 (4.81%) 5108 (7.75%) 5129 (7.78%)
  T4 3034 (4.38%) 5839 (1.77%) 2681 (4.07%) 2719 (4.12%)
N stage 0.163 0.039
  N0 43600 (62.96%) 227656 (69.00%) 40876 (61.98%) 39634 (60.10%)
  N1 17108 (24.70%) 75412 (22.86%) 16784 (25.45%) 17667 (26.79%)
  N2 5074 (7.33%) 18012 (5.46%) 5000 (7.58%) 5188 (7.87%)
  N3 3469 (5.01%) 8878 (2.69%) 3292 (4.99%) 3463 (5.25%)
Tumor size, cm 0.401 0.010
  <=2 31624 (45.67%) 213235 (64.62%) 27414 (41.57%) 27108 (41.10%)
  >2, <=5 30499 (44.04%) 98543 (29.87%) 32151 (48.75%) 32440 (49.19%)
  >5 7128 (10.29%) 18180 (5.51%) 6387 (9.68%) 6404 (9.71%)
Median FU, mo (range) 74 (1–179) 77 (1–179) 0.031 74 (1–179) 76 (1–179) 0.026

Abbreviations: BCS = breast conserving surgery, FU = follow-up time, HR+/− = hormone receptor-positive/negative, PSM = propensity score-matching, SMD = standardized mean difference.
* SMDs of 0.1 or more represent meaningful differences in covariates between groups before and after matching. Data are shown as the medians (range) or n (%).

http://links.lww.com/MD/H972
http://links.lww.com/MD/H972
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N = 31,465), followed by heart disease (16.07%, N = 11,166). 
We also observed that, compared to the second year following 
BC diagnosis, patients had a continually elevated risk of CVD 
mortality. In line with previous studies,[2,4,8] our results high-
lighted a need to study risk factors of CVD mortality and the 
necessity of cardio-oncology in patients prior to, during, and 
following treatment.

Although there is a lack of direct endocrine treatment infor-
mation from the SEER database, the association between endo-
crine therapy and HR status has been firmly established.[10,28–31] 
Previous studies have reported that specific estimates of AET 
adherence range from 75% to over 90% in patients with 
HR-positive BC.[34,35] A SEER-based study showed that of the 
743 patients eligible for endocrine therapy, 80 (10.8%) never 
initiated therapy, 112 (15.1%) started therapy but discon-
tinued prematurely.[36] The factors associated with initiation 
included race/ethnicity, worry about recurrence and sufficient 
information receipt about these agents. Factors associated with 

persistence included younger age and concurrent medication 
use. It may therefore be concluded that Enhanced patient edu-
cation about potential side effects and the effectiveness of AET 
in improving outcomes may improve initiation and persistence 
rates and optimize BC survival.[36] We identified several risk 
factors for CVD mortality in patients with stage I to III BC, 
including age, race, laterality, histologic type, grade, radiation, 
chemotherapy, stage, and N stage. Similar risk factors (age, 
ethnicity, laterality, histology type, chemotherapy and radio-
therapy) for CVD mortality were identified in another study in 
patients with lung cancer.[37]

Moreover, our study provided no support for a potential 
link between HR status and CVD mortality (HR = 1.01, 
95% CI 0.93–1.08, P = .895). This result is consistent with 
findings from a study of patients in a community-based pop-
ulation, suggesting that rates of myocardial infarction and 
stroke for patients on AIs or tamoxifen did not differ signifi-
cantly from BC patients not receiving endocrine therapy.[23] 

Figure 2. Cumulative incidence curves of all causes of death for women: (A) in the study population, (B) of ≥ 60 yrs, (C) of follow-up time greater than 6 yrs, 
and (D) with stage I BC. BC = breast cancer.
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Another study also showed that comparisons with those 
receiving no endocrine therapy showed no higher cardio-
vascular outcomes risk for either drug class.[21] However, 
meta-analyses of randomized controlled trials investigat-
ing the side effects of extended adjuvant AI compared with 
those not receiving it have shown conflicting results, with 
an increased risk of cardiovascular events with extended 
AIs in 1 study[16] but no difference in 2 other studies.[19,38] 
Additional studies are needed to better assess and manage 
cardiovascular risk factors for BC patients.

Our study was methodologically different than previous 
studies using no endocrine therapy as a comparator. First, the 
definition of outcomes differed from that used in our study 
investigating CVD death as an event, whereas the other studies 
used several CVD outcomes (including venous thromboembo-
lism, myocardial infarction, ischemic heart disease and arrhyth-
mia) as events. Furthermore, the lack of adherence remains a 
problem, and not all patients with HR-positive BC adhere to 
AET, which should be considered when interpreting our results. 
Finally, the dataset of our study was relatively large, with 
399,209 participants. Another strength of the present study 

is the long follow-up time, with an average of more than 70 
months.

Despite the insights into the association of HR status with 
CVD mortality in patients with stage I to III BC, there are 
a few limitations of this study. First, this study was a retro-
spective study based on the SEER database, and there were 
large differences in baseline clinical characteristics between 
the 2 groups. PSM was utilized and resulted in well-matched 
groups. Second, the SEER database lacks information regard-
ing cancer therapy (such as immune checkpoint inhibitors 
and anti-HER-2 treatment), preexisting cardiovascular risk 
factors and CVDs, which might influence CVD mortality. 
HR-positive BC patients at risk of CVD are more likely not to 
receive AET in clinical, which will underestimate the results 
of this study. Finally, information about endocrine treatment 
was not available in the SEER database. Therefore, we paid 
attention to the association of HR status with CVD mortality. 
Either way, this finding provides additional indirect evidence 
that cardiovascular death may not increase significantly in 
patients treated with AET compared to patients not receiving 
AET.

In summary, this study shows the cumulative incidence of 
CVD-specific mortality and the constituent ratio of all causes of 
death and identifies some risk factors for CVD-specific mortal-
ity based on SEER data in stage I to III BC patients. Notably, HR 
status was not associated with the risk of CVD-specific mortal-
ity in our study. This study highlights the importance of under-
standing the associations between risk factors and CVD for BC 
patients. Further studies involving more detailed information on 
risk factors are needed.
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Figure 3. Top 10 causes of death among patients with stage I to III breast cancer. COPD = chronic obstructive pulmonary disease.
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vascular disease.
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